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IONOSPHERIC  PULSE  TRANSMISSION  OVER  LAT^-GE  DISTA>tcE3  : 
IDENTIFICATION  OF  TRACES. 

by  R.Eyfrig  and  K. Rawer 


In  the  present  situation  working  on  contract  AF  6l('^52)-129 
we  have  got  a  certain  nuaber -of  delay  time  records  over  the  transatlantic 
path  whilst  the  number  of  usable  amplitude  recjrds  is  yet  small.  As  the 
identification  cf  the  traces  is  very  difficult  from  amplitude  records 
alcne  it  Viras  assumed  that  the  main  interest  of  a  general  survey  in  this 
moment  is  tc  give  the  rules  for  identif i c - tion  obtained  from  delay  time 
records . 

This  is  dene  in  the  following  report  whore  wo  try  to  give 
these  rules  first  in  a  rather  general  form  and  explain  them  finally  by 
some  examples  which  are  discussed  in  detail,  When  introducing  .•■ic  i  (  n  t  i  f  i  c 
v^orkers  to  the  interpretation  of  oblique  inciconce  pulse  records  wk’  have 
always  found  that  is  difficult  at  the  beginning  to  identify  c..'  roctly  the 
dif-reront  traces.  The  reasoning  which  is  necessary  for  this  sort  of  work 
is  net  straight  forward  but  in  some  way  complex  as  different  c^nditiens 
must  be  satisfied  at  the  same  time.  Fortunately  man's  intellect  is 
wo.rking  in  such  a  way  that  this  sort  of  complex  reasoning  is  done  automa¬ 
tically  if  enough  experience  has  been  obtained.  So  training  plays  a  vury 
imp'.'rtant  role  f'.r  this  sort  C'f  work.  V/e  hope  that  the  foil';  wing  jieges 
may  ho  helpful  for  training  purposes  in  the  frame  w  rk  ;f  the  pr-Ject. 
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A.  EXPBRIIvIBNTAL  SITUATION 
a)  State  of  affairs. 

Since  the  last  annual  report  another  pulse  transaisaicn  line  has  been 
established  between  3reiaach(Gernany)  andSlevsis  near  Atbons(Greece ) . 

The  receiving  station  in  Greece  has  been  established  by  our  persenuel; 
after  instruction  it  is  now  operated  by  the  observatory  -f  Athens  under 
separate  contract  (Professor  Anastassiades) .  Accordinj;  to  the  otoaller 
distance  this  line  is  acstly  operated  with  frc-iuencies  between  10  and  13 
MHz. 

The  total  network  is  now: 

two  conciunications  (different  frequencies) 

Breisacb  —  Plua  Icland(Mass)  3046  kr: 

one  cct:itunication 

Breisach  -  Elevsis  170.9  kve 

The  frequencies  used  wore  16,633  and  12,62  l.hz  f:r  the  trans¬ 
atlantic  circuit  and  12,62  and  11,040  l«iiz  for  the  r;reck  civenii. 

The  first  distance  is  tvo  large  for  one  hep  cc-r-iunicrticn,  it  is 
a  "large  distance".  The  second  one  is  an  " intonr.ecliatc  distance",  .me  hop 
corjMunication  is  regularly  observed.  The  interest  to  heave  an  iniernediate 
distance  in  for  interconp- risen.  On  behalf  of  the  ccea  wo  conld  not  have 
a  western  receiving  ot.ation  at  inteiaaediate  distance  froia  oj-c-ieach  on  the 
transatlantic  orbit  itself.  Therefi.re  the  control  distance  hn.s  been  cbc.son 
as  an  eastward  prolongation  viz.  Breisach  -  Elevsis.  It  is  just  Icng 
enough  i-  be  rather  near  i  o  the  linit  of  cue  hop  pr.  page  tier,  via  E. 

i))  Technical  situation 

The  receiving  synchreiii  zing  and  recerdin.;  units  hat'e  been  cencribed  earlier 
(see  annual  auuitnry  report  no  l).  The  three  equipnents  are  o.H  e.iiiilar  vith 
exception  that  one  cristal  clock  is  used  f'  C  b  th  receivin  '  lo  ts  al,  T'lun 
island.  The  station  at  Elevsis  is  at  the  !ia.r;c  pla.ee  with  a.  virlurl  s.  untlinc 
ionosph_ric  st-ation;  therof.'re  it  was  necessary  t',.  synchr  nise  the  vniding 
unit  wi-t.h  cur  recurrence  frequency. 

One  rjujer  technical  difficulty  lias  b.en  one.- un  t  erod  :  t’o,  ayrehrni- 
»aticn  was  not  so  g  od  as  it  ceuld  be  excepted  aec.rdin!-  1'  the  i  nd  i  <•  .at  i  ri  a 
given  by  the  nanuf  a.ctnrers  f  quartz  crista.ls,  ’\’hen  Ixj  ;v- i  n."  w,.  1  ,  ri;- 


-  3  - 


exporience  with  a  serie  of  non— thcrmcstatod  quartzes,  thcoo  had 'a  rather 
good  accuracy  as  they  were  cut  quite  well.  At  that  tii'-ie  v;c  had  been 
working  with. higher  recording  speed  than  now  so  that  the  quality  needed 
for  usable  records  was  about  2  *10  .  V/hen  changing  over  to  the  new 

tliernoatated  cristals  we  went  over  to  a  higher  recording  speed  as  the 
pronised  accuracy  was  auch  better,  at  least  iO  >  Unf ertanately  the 
thernostates  delivered  with  the  new  cristals  are  not  geed  enough  to  hold 
this  accuracy,  or  the  cutting  angle  was  not  accurate  enough.  At  any  case 
the  new  cristals  when  regularly  readjusted  (cnce  a  day)  and  with  a  constant 
roon  tenperature  cone  to  an  accuracy  of  4*10  ^  which  is  just  sufficient 
with  our  nresent  recording  spoed".  But  when  the  cristals  are  not  regularly 
readjusted  or  the  rcot-i  teroperature  is  not  kept  constant  the  accuracy  is 
not  better  than  with  the  old,  non— thernoatated  cristals. 

During  the  last  nenths  the  Plum  Island  station  was  under  continuous 
control  by  Mr.  Biichau  and  from  that  ti,::e  wo  have  rather  usable  records. 

The  Elevais  station  did  not  yet  reach  the  same  quality  because  of  the 
known  difficulties  of  the  starting  period. 

c )  Sample  records 

a)  Delay  tine  records 

Some  sample  records  of  magncticftlly  quiet  day.s  are  shewn  in  the  Eiga.  I 
through  5;  Eigs.l  through  3  arc  from  the  transatlantic  circuit,  4  and  5  from 
the  Greek  circuit.  Mq  show  hero  only  delay  time  rec.  rds  obtained  by 
luriincsity  ccntrcl  of  the  c.r.tube.  Am  litudo  rse  rdings  :'>ro  also  made  but 
these  shall  be  discussed  in  another  report  when  more  results  arc  available. 

As  the  interpretation  of  pigs.l  through  3  is  given  in  detail  in 
part  C  vfe  shall  only  say  here  that  the  main  echoes  are 
2F  ,  3F,  4F,  2F  +  E  and  ,  probably,  2F  +  2E. 

b)  Backscatter  records 

In  order  to  central  the  efficiency  of  our  transmission  and  also  to  hi'.ve  an 
indication  of  the  ionospheric  conditions  on  the  eastern  part  of  the  Atlantic 
we  regularly  receive  at  ^reisach  the  backscatter  echoes  fren  the  trans¬ 
mitters  working  for  the  transatlantic  circuits.  Figs. 6  tlirough  9  give  some 
selected  samples.  Mc.ot  these  are  peculiar  cases  wtiere  the  f  luc  tu.^  t  i  oiis 
wore  extremely  large.  Normally  the  rec. rds  are  less  sj)ec  ta  cu  1  ar . 

In  those  rec.rds  the  time  goes  fr  r.  left  to  ri.-’.it.,  <'is(.nnce' 
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downwards.  The  very  sharp  echoes  appearing  in  daj’^ticc  c.g.  in  Fig. 6  arc 
vertical  incidence  echoes.  The  backscatter  traces  arc  ncr:i-,r.lly  br.rd, 
between  1  and  2  asec.  The  skip  distance  is  soaetiaes  very  well  as 

the  upper  margin  of  such  a  trace,  soneticies  it  is  not  defined  at  all.  Large 
scattering  surfaces  appear  in  some  of  the  records,  up  to  4  msec. 

It  seems  to  us  if  most  of  these  phenomena  were  due  to  def  rnatiens  of 
the  F-region,  in  particular  the  transitcrial  disturbances  which  go  through 
the  region  from  top  to  bottom  in  about  5  nin.  Typical  seriuences  can  be 
seen  in  Fig.  8  and,  in  particular  in  Fig.  3.  In  these  cases,  of  course,  an 
instantaneous  determination  of  the  skip  distance  from,  the  zone  of  highest 
luminosity  would  be  extremely  misleading. 
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3.  ilEDuCTIW  OF  DELAY  TIME  RECORDS 


1 .  General  principles,  explained  with  short  distance  transmission. 

Reduction  of  oblique  incidence  records  requires  some  experience.  It  is  not 

too'  difficult  if  one  has  ?.  clear  idea  of  the  phenomena  hapveniRe;  at 

oblique  incidence  which  are  in  some  respects  different  from  those  at 

vertical  incidence.  Systematic  observations  of  pulses  at  cbliquo  incidence 

have  first  been  made  by  Crone,  Kriigor,  Goubau  and  Zcnncck  '  in  193  5/36. 

These  'authors  used  a  telephone  cable  for  synchronization  of  their  stations 

which  were  distant  by  56O  km.  At  each  end  of  the  line  they  had  r.  trant?- 

mitter  and  a.  receiver;  therefore  they  could  use  a  special  system  of  ri duction 

2 ) 

which  has  been  developed  by  Goubau  and  was  improved  later  by  Eyfrig  .  Vie 
begin  our  explanation  v/ith  the  description  of  this  method  because  it  gives 
a  clearer  understanding  of  what  must  bo  done  in  the  case  of  the  device  used 
in  our  present  experiments  as  in  most  experiments  of  this  sort,  viz.  trans¬ 
mission  from  one  endpoint  only. 

a)  Travel  time  and  virtual  height  (transmission  at  both  endpoints) 

Fig.  10  gives  an  example  of  records  obtained  simultanocusly  at  Kt.chel  and 
Berlin.  T:c  echo  traces  are  essentially  horizontal,  this  is  due  to  the 
special  system  of  synchronization  used  in  these ‘ experiments .  ('hith  our 
"free  floating"  synchronization  technique  the ■ ecnoc  traces  arc  slowly 
changing  their  position  with  time  so  that  they  appear  inclined  on  the  film.) 
Both  transmitters  were  keyed  in  a  different  way  so  that  the  rerr-sponding 
traces  could  easily  bo  distinguighed;  in  our  figure  the  t.r aTismi  t  ter  r\t 
Berlin  wan  interrupted  in  the  middle  of  the  reproduced  time  p.fi  d  whilst 
the  Kochel  triinsmittcr  was  interrupted  at  the  beginning  and  .'t  tiio  end. 

The  reduction  method  used  is  independant  on  the  special  synchronization 
system,  it  uses  only  the  reciprocity  of  the  delay  time  in  both  directions. 

So  by  combination  of  the  observed  instant  of  pulse  reception  at  bolh  ends  the 
unknown  travel  time  of  the  waves  betv/ecn  both  endpoints,  A,  B,  can  be 
determined. 

Be  t^  the  time  of  pulse  transmission  in  A  and  the  time  when  the 

corresponding  signal  is  observed  at  B,  then  the  travel  time  of  the  signal  is 

(1)  "  *12  “ 


In  the  same  way  wc  have  for  the  transmission  at  B  the  instant  t^  •nd  the 


corresponding  reception  time  at  A  is 


t 


21' 


the  travel  time  of  this  signal 


ia  therefore 
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(2)  'f'-  *21  -  *2 

If  we  loolf^ig.lO  we  can  obtain  from  'the  record  obtained  at  otation  A  the 
time  difference  ^  between  theaTrive.!  of  the  signal  coming  from  B,  tg^^i 
and  the  transmission  of  the  next  signal  at  station  A  itself,  t^,  tiiercforc 

(3)  = 

can  be  read  from  the  record.  In  the  aa.me  way  the  corresponding  time 
difference 


can  be  obtained  from  the  record.?  at  station  B,  With  these  four  oi^uations 
one  obtain.? 

(5)  ■  r,  t  -  2^ 

So  in  .1  device  with  transmission  and  reception  at  both  endpoints  the  travel 
time  of  the  echoes  can  bo  determined  directly. 

It  can  now  be  used  to  determine  the  apparent  path  of  the 
waves.  For  thi.s  calculation  the  refracting  influence  of  the  ioncsphoric 
layers  i.?  described  by  a  simplified  model  with  reflecting  mi^!)rs  instead  of 
the  refracting  ionospheric  layers.  Of  course  the.se  model  mirrors  mu.st  be 
assumed  to  l.aj’’  at  greater  altitude  than  i.s  tlio  true  ref  lection  height  of  the 
v/aves.  Therefore  we  introduce  a  virtual  reflection  heighl  which  is  that 
height  where  the  iiimr  must  be  placed  in  order  to  give  the  obrji  rvod  travel 
time,  (This  virtual  height  at  oblique  incidence  i.s  not  irionlie  '.ith  that 
observed  on  the  .same  frequency  at  vertical  incidence;  rl.ar tyn"'  110..^!  given 
an  approximate  relation  to  find  that  frequency  which  at  veriical  incidence 
gives  the  .same  virtual  height.)  If  we  neglect  first  the  influence  ul’  the 
curvature  of  the  earth  and  consider  the  case  of  the  first  tichoe  we  have  the 
conditions  explained  in  Fig. 11.  Fig. 11a  gives  the  conditions  for  short 
distance  transmission  by  one  hop  reflected  from  the  F  region,  Jig. lib  is 
for  the  case  of  reflection  from  the  E  layer,  A.s  the  di. stance  ,d,  of  hot.h 
cnupoir.t:;-  is  km:wn  we  obtain  from  Fig. 11  the  following  relation  for  the 
virtual  Iieight  h'  (valid  fer  one  hop  transmi  s.s  i  on ) 


»  is  the  virtual  transmission  path  of  the  ionospheric  Weave,  it  i.s  obt.'.ined 
from  L  v/ith  the  vacuum  velocity  of  the  light,  c  , 
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(?)  3  =  C  •  T" 

For  the  given  distance,  d,  of  the  experiment  the  relation  betwoan  s  and  h' 
can  now  he  plotted;  for  d  =  56O  km  we  have  Fig, 12,  Not  all  values  of  the 
virtual-  height  are  effectively  obtained,  with  reflections  from  the  F  region 
virtual  height  values  between  180  and  500  km  are  possible,  but  mo'st  records 
give  heights  between  200  and  400  km.  As  to  the  E  reflection  the  possible 
height  range  is  much  smaller  •,  varying  between  about  80  and  130  km.  Note 
that  Fig,  12  does  not  take  account  of  the  curvature  of  the  Crarth,  so  it  is 
only  a  first  order  approximation. 

It  can  be  seen  from  Fig. 12  that  for  a  reflecting  layer  at  low  altitude 
the  height  does  not, much  influence  the  wave  path,  i.e,  the  travel  time  is 
nearly  the  same  as  for  a  ray  traveling  along  the  earth.  For  the  identification 
of  E-echoes  it  is  therefore  not  important  to  determine  the  reflection 
height  precisely,  it  is  sufficient  to  use  h'  =  llC  km  as  an  approximate 
value,  As  to  the  F  region  i.  can  be  seen  from  iFig.l2  that  the  height 
variations  are  more  efficient  for  the  travel  time  and  also  the  range  of 
possible  values  is  much  larger;  therefore  it  is  necessary  at  the  identifi¬ 
cation  of  echoes  to  determine  the  virtual  height  of  the  F  echoes  nutncrically. 
For  this  aim  a  graph  like  Fig. 12  but  taking  account  of  the  curvature  effect 
is  used.  This,  besides  is  the  first  aid  which  must  bo  produced  before  an 
identification  of  oblique  incidence  records  can  be  mcade. 

For  the  two  hop  way  (2«F  or  2*E,  broken  lines  in  fig.l}.)a  similar 

curve  can  easily  be  obtained.  In  the  general  case  with  curvatui-e  one  first 

calculates  the  corresponding  relation  for  the  half  distance,  1/2  d,  but  when 
3 

plotting  the  value  so  obtained  i^3  multiplied  by  2,  So  tho  broken  curve  in 
Tig.l2has  been  obtained.  In  a  similar  way  with  the  relation  ca.lcul.-'.ted  for 
the  distance  d/n  and  multiplication  of  s  by  n  when  plotting,  the  relation 
for  n  hop  transmission  is  found. 

b)  Travel  time  and  virtual  height  (transmission  at  one  end  only). 

V/o  have  of  course  supposed  that  tho  virtual  reflection  height  was  the  same 
for  all  reflection  points  occuring  with  multiple  eclmes.  This  assumption  is 
not  alvi-ays  true  and  just  for  very  largo  distances  we  must  bi.'  aw, are  lhat 
variations  of  h'  are  inevitable.  If  on  the  other  hand  wo  edmit  this  e.,'j.sump- 
tion  our  problem  in  over  determined  when  wo  have  observed  re  th.-ni  dtic  echo. 

In  fact  instead  of  using  transmission  on  both  sides  and  .1 iermi  11  i  ng  't'  by 
intercemnar  i  Sen  we  can  also  determine  the  effective  virtvial  heij'ht  from 


-  8 


•Fig, 12  v/hen  only  tho  difference  in  travel  time  between  the  first  and  second 
hop  echo  is  known. 

This  is  now  the  method,  how  the  unknown  effective  virtual  height  can  be 
determined  ih  those  cases  where  only  one  transmitting  station  is  used.  It  is 
quite  clear  from  our  deduction  that  with  this  device  it  is  not.  possible  to 
determine  h'  when  only  one  echo  is  pi-esent.  But  as  the  first  interest  of 
reduction  is  the  identification  of  the  different  traces  one  can  even  use 
periods  with  only  one  trace  if  before  or  after  several  traces  ar.e  present 
on  the  record. 

It  might  be  useful  to  explain  this  procedure  with  seme  example.  In 
Fig,l3  we  have  plotted  two  traces  corresponding  to  1  ’  F  and  2  *F  recorded 
during  the  old  experiments  over  5^0  km.  The  ordinate  of  this  record  is  the 
tfavcl  time  given-  at  tho  left  side,  the • corresponding  path  length  is  given 
on  the  right  hand  scale;  At  the  beginning  of  these  records  the  time  difference 
between  both  echoes  v/as  1.7  msec  this  corresponds- by  equation  (?)  to  510  km, 

'Vc  can  now  use  Fig. 12  looking  fer  conditions  whore  the  (horizontal)  difference 
between  thoonchop  and  two  hop  trace  has  the  right  value  viz.  510  km;  this 
is  valid  for  an  h'  value  of  305  kin  and  this  is  the  effective  virtual  height 
which  must  be  used  in  this  case.  If  ■there  were  differences  in  the  virtual 
heights  of  the  three  reflection  points  which  wo  consider  this  procedure 
remains  correct  provided  that  the  average  of  the  reflection  height  is  the 
same  for  thd  two  hop  path  and  for  the -cne ’hop  path  i.c,  in  1-he  ea.'-jc  of 
linear  variation  of  h'  with  distance,  Otily.if  this  variation  cannot  be  appro¬ 
ximated  by  g  linear  i'unction  our  procedure  becemes  less  accurate.  If  we  bear 
in  mind  that  the  virtual  height  found  by  our  pre.ceduro  is  only  a  represen- 
ta.tive  average  value  over  the  distance  there  is  no  difficulty  v.i -tli  most 
records  to  obtain  the  correct  identification  cf  the  traces  by  this  method. 

For  the  application  of  c.ur  procedure  it  is  easier  to  .lot  directly 
the  difference  of  the  s  values,  instead  of  using  Fig. 12;  tliis  lie.s  be'on  done 
in  Fig, where  (alv.-ays  neglecting  the  curvature)  the  difference  of  ray  path 
between  the  two  hop  and  one  hop  echo  is  represented  a.s  n  funt-iion  oi'  the 
effective  virtual  height,  h'  (axis  arc  inverted  with  res,;ort  to  Fig.  12), 

With  a  diagram  i.f  this  sort  the  effective  virtual  height  con  he  d  i' t  e  r!:i  i  nod 
very  quickly  if  multiple  echoes  arc  present. 

c)  Complicated  echo  pathg  '  '  ■ 

■V’e  have  nf>t  yet  mentioned  that  complicated  multiple  echco.-i  can  exi.at,  and 
we  should  say  what  must  be  done  with  ther.e.  At  slnrt  d  i to.nces  (he  ei-hoes 
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which  are  nainly  observed  are  (Fig. 15) 

I'E,  2*3,  5*E  • 

l.F,  2VF,  3*F,  4-F,  5*F 

E+y,  2E+F,  E+2F  •  ■ 

>i  ,  M2  ,  I.I3 

The  multiple  echoes  of  the  third  line  are  simply  obtained  by  combi¬ 
ning  some  hops  reflected  by  the  F  region  with  some  other  reflected  by  the 
E  region;  this  occurs  rr.ther  frequently  when  Eo  is  present.  The  calculation 
of  the  corresponding  diagrams  is  some  more  complicated  than  for  the  more 
nernai  trr.nsaiss ion  path's  ,  it  is  based  on  the  condition  that  with  or  withcxit 
curvature  if  only  the  ionosphere  is  kcrizcntal  the  angle  of  ray  incidence  at 
the  different  reflection  points  on  the  ground  fer  a  given  peth  must  he  the 
name  evsryv.-here .  This  is  explained  in  more  detail  in  the  foilmving  chapter. 
Similar  reasonings  must  bo  made  for  the  intermediate  -paths  which  trr.vel  in 
the  space  betwc;en  the  E  and  the  F  region  by  .successive  refleciiens  (fourth 
line).  The  M  echo  is  most  known,  it  is  obtained  with  one  intermediate  reflec¬ 
tion  from  the  top  side  of  an  ionized  layer  in  the  £  region,  nernai ly  . 

The  corresponding  way  with  two  reflections  on  this  top  side  .sliall  be 
designated  by  M2,  etc. 

It  may  he  interesting  to  give  a.ii  exn'uiple  for  the  statistical 

distribution  of  different  propagation  paths  on  a  .shert  dista.rice.  Fig.l6 

obtained  a.t  a  diotanee  of  65O  km  gives  results  obtained  in  summer  and 

v/ir.tes’  respectively  on  a  frequency  which  is  rather  well  adapted  to  tliis 
q)  ‘  .flaytimo 

distance  .  Jt  can  bo  soon  that  the  crmraunication  is  rood  in^iii  wini.er- 

out  in  summoi',  and  that  the  contrary  in  true'  for  nighttime.  Tlio  .siati.s- 

ticfj  of  the  different  ti'ansmis.sion  paths  is  very  different  iti  suniiun'  .-'.ud  in 

winter  al.s  also  bot'.vceii'  da.y  and- night.  During  .sut  ''i..-r  day.s  ivc  w,,-..,!  praci  i- 

cr.lly  c;;npl;Hc  blanlieting  so  that  no  F  paths  existed;  the  .n.ly  Uia-gnle  tw.th 

was  that  ref  looted  by  E,  In  wintci'  daytime  blanketing  v/as  net  eli'iciei'.i 

as  i.he  critical  frequency  of  the  E  l.ayer  was  lower  and  th,'  fir.'-t  and  sccuiid 

F  path  were  fi’equeiTiMy  observed;  pF  was  only  observed  in  ilie  ii:  rning  •  nri 

evening,  nea.r  iiion  this  path  was  strongly  aiienuated  by  11.  I'ni.'l  "h.sorjit  i  on. 

During  the  night  absorption  is  not  important  "110  the  r.iuJiipli)  F  p.'.ilis  filay 

e,n  important  ivle.  The .  probab  i  1  i  ty  of  communication  v  i  "  E  depend.'-.  11  (lie 

occurence  of  sporadic  E;  this  is  aloe  velid  f  r  t!ic  .'-r  ohab  i  1  i  ty  of  the 

mixed,  ir.th  E  +  F  which  eome-s  to  more  tlion  of  pi-obal)i  1  it  y  in  sunowr 

evening. 
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d)  Special  phenomena 

People  familiar  with  vertical  incidence  iooiograms  know,  the  behaviour  of 
echo  traces  near  a  critical  frequency.  The  phenomena  observed  at  oblique 
incidence  are  somewhat  different  and  must  be  discussed  hero.  It  may  first 
be  observed  that  the  phenomenon  corresponding  to  an  approach  to  the  critical 
frequency  at  vertical  incidence  is  an  approach  tc  the  ’.iUF  at  oblique  inci¬ 
dence;  as  for  a  given  distance  different  transmission  pathft  hr.ve  different 
iiUF  values  it  is  clear  tha.t  we  observe  these  phenomena  at  different  frequen¬ 
cies  in  the  case  of  a  variable  frequency  device  cr  at  different  times  if  one 
uses  a  fixed  frequency.  Sc  the  different  multiple  tr.ansmissicn  paths  no 

more  a  simple  repetition  of  the  first  order  as  in  the  case  of  vertical 
incidence. 

As  a  consequence  of  the  geometry  the  differences  in  virtue]  lieight 
arc  leas  efficient  at  oblique  incidence;  therefore  the  pat;:  difference  bet¬ 
ween  the  0  and  x  component  of  the  raagneto'rionic  theory  is  less  pr(,nri\inced  at 
oblique  than  at  vertical  incidence.  This  is  a  first  retirrk  which  is  useful 
for  the  interpretation  of  oblique  incidence  records.  Normally  tl^e  difference 
between  o  and  x  trace  is  only  apparent  in  the  neighbour]:';  cd  of  the  I.IUF 
condition  or  for  higher  multiples  which  occur  only  at  night  when  a.bsorption 
is  s::;all. 

Another  remarlc  concerns  the  retardation  cusp  wliicl:  at  normal  inci¬ 
dence  is  seen  nea.r  a  critical  frequency.  This  cusp  docs  not  occur  in  i- 

the  same  fern  at  oblique  incidence  because  we  have  the  conplicated  ray 
geemetry^'is  demonstrated  in  Fig.  17.  Wo  indic;-.to  in  this  figure  how.  the  rays 
coning. at  different  angles  from  a  transmitter  arc  refracted  in  the'  iono¬ 
sphere,  Flatrays  arc  bending  in  a  way  as  if  they  were  reflected  in  tin;  lower 
part  of  the  ionosphere,  therefero  they  corse  to  ground  .at  I'^rgc  distances. 
With  increasing  elevation  angle  we  come  to  a  ray(No.2  in  Fig.iy)  wliich  may 
just  arrive  at  our  receiver  at  the  distance  d  .  'Ye  soe,  hewover,  that  tiiore 
is  another  steeper  ray  (No.'i  )  which  arrives  at  the  same  point  l.ut  under 
another  elevation  angle;  this  ray  is  curved  wJion  entering  the  i.  tu  sphere  and 
travels  fer  -a  longer  way  in  the  highly  ionized  part  cf  Die  Iriyor.  Tl;is  is  the 
so  called  Pedersen  ray  ^^.Thc  existence  of  this  ray  lias  the  c ns e-queii c ,■  th.-.i 
the  gecastri'ccl  optics  of  the  ionosphere  is  anbiguous,  in  a  ce-ri-ain  .'iii.er. 

There  exists  a  limiting  ray  with  an  angle  between  thcat  of  No. 2  and  N...i  for 
which  both  rays  fall  together;  this  is  at  the  s.ar.ie  time  that  r.ay  v.hicli  cr^oe.s 
to  the  shortest  distance,  the  so  called  "skip  distance",  N  .sri'llir  distance 
can  he  attained  by  rays  refracted  in  the  ion. sphere.  Tliorol.ri'  th<'  do  1  i  ri  i  t  i  on 
of  tlic  iul’F  (maximal  u.sable  frequency)  given  by  the  tali  in.-  ti.--,  t!,er  ..1  (he 
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Federsen  ray  with  the  normal  ray.  Steeper  rays  (like  No. 5)  "re  Fodcrwon 
rays  which  come  to  larger  distances.  However,  all  Federsen  rays  together 
cover  only  a  small  range  of  the  possible  elevation  angles.  Rays  which  are 
again  steeper  (No, 6)  penetrate  the  layer  with  a  large  lateral  deviativsn; 
with  increasing  angle  the  refraction  effect  becenes  now  smaller  so  that  we 
have  finally  rays  penetrating  the  ionosphere  at  steep  incidence  without 
a  remarkable  refraction  effect  (No.?). 

The  most  essential  result  of  this  discussion  foi'  ionospheric  one 
hep  transmission  is  the  existence  of  in  principle  two  possible  rays  between 
the  transmitter  and  the  receiver.  This  gives  two  delay  times,  that  of 
Federsen  ray  being  normally  much  larger  than  that  of  the  normal  ray.  It  must 
also  be  stated  that  with  the  small  angular  range  from  which  •‘■'edersen  rays 
are  originating  the  energy  transmitted  by  Federsen  rays  is  rather  small  if 
the  distance  is  much  larger  than  the  skip  distance  ,  (Fig.l?).  Therefore 

the  ■'^edersen  ray  is  well  marked  only  near*  the  MUF  condition  and  the  NiUF 
condition  is  given  by  the  going  together  cf  betk  rays.  This  can  be  seen 
from  Fig, 10  which  shows  a  splitting  up  of  the  o  and  x  •component  f; r  the 
normal  reflection  path  just  before  the  MUF  condition  for  tlu-  >rdinary  ray 
is  reached.  At  the  point  designated  by  o  the  Federsen  ray  comi's  icgetlier 
■,;ith  the  ncrnal  ray  and  the  one  hop  ordinary'  ccr.pcnent  triin.s:rn  ssion  stops, 
at  that'  point.  The  arrow— like  form  of  the  trr.ee  is  characteristic,  it  is 
also  called  a  "nose".  After  that  tine  the  ioniztation  dccroasos  imkI  more 

and  at  the  point  designated  by  x  the  nc>rnal  ray  and  the  o,  ray  :<!'  the 

X  componont  combine.  This  is  the  MUF  condition  for  the  :c-.ray.  By  cli.-incc, 
in  Fig. 18  wo  see  at  that  place  a  phenomenon  Tvhicli  lias  mrri.,  irip,,rt,'‘nce  at 
ln.rgor  distances;  this  is  the  so  called  "nose  extensi,  n"  wliich  is  especially 
important  when  spread  echoes  play  a  role. 

If  the  ionospheric  layer  is  stratified  it  must  he  treated  as  an 
assembly  of  two  layer.s  and  if  further  the  n'"xinuiii  oloctren  density  is  not 
very  different  in  both  ,.'f  these  we  can  observe  a  conbinat  i ’■  ii  of  two  arrow 
firms  which  gives  a  characteristic  Z-ferm.  This  c  ccurs  espi'c  i  1  c.l  1  y  in  the 
case  ef  transitcrial  layers  which  disturb  the  F-regicn  fir  a  sh,  rt  r)>riod. 

As  the  life  time  cf  such  transiteria  is  of  tlie  rdcr  f  Minutes  it,  iccur.s 
rather  frequently  that  the  Z-ferm  is  only  visible  fer  one  of  bo.th  in.-to- 
ionic  ccnpon.,nts ,  For  example  in  Fig, 19  we  have  a  Z-f.rm,  f,  r  the  extraordi¬ 
nary  ray  but  the  ordinary  ray  which  cane  to.  the  MUF  conditi,>n  about  10  minutes 
earlier  shows  quite  a  n-rmal  arrow  form.  It  c;in  al.so  occur  tli.-.t  by  tr-ansi- 
torial  di.Hturbanc.e  the  effective  electr.'n  density  is  incroa.sed  f  r  r.  .s!i  rt 
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It  is  not  very  useful  to  cake  a  reduction  only  in  the  forn  uf  a 
nucerotation  of  different  paths  sjnply  following  the  observed  orler.  This 
would  yet  bO  drrigerous  if  we  had  only  multiple  hop  ways  reflected  from  the 
F  region;  as  this  is  not  so  and  with  increasing  distance  v:e  have  more  and 
more  intermediate  paths  serious  errors  can  occur  when  the  identification 
of  the  path-s  is  not  made  correctly  at  the  reduction  of  records.  It  seems  to 
us  that  some  reductions  which  did  not  take  account  of  identification  follo¬ 
wing  the  rules  indicated  here  are  more  or  less  worthless  for'  scientific  use. 

a)  Ray  path  and  angle  of  incidence 

Always  under  the  assumption  that  the  curved  path  can  be  replaced  by  a 
reflected  virtual , path  the  geometry  of  the  different  paths  can  easily  be 
obtained,  even  for  complicated  echoes,  if  the  relations,  for  incurved  earth 
and  ionosphere,  between  angle  of  elevation,  virtual  height  and  ray  path 

■■  7) 

are  known.  This  calculation  can  be  made  by  pure  geometry  ;  an  thcr 
solution  is  possible  with  a  large  scale  drav/ing  like  that  reproduced 
(with  a  considerable  decrease  of  scale)  in  Fig. 21.  From,  this  diagram 
which  takes  fully  account  of  the  curvature  the  relations  can  be  obtained 
mechanically. 

As  an  example  we  give  in  Figs. 22-  2?  curves  obtained  by  Gonnernann^ 
for  the  6400  km  distance  Berlin  -  NewYork,  Figs.  22  -  24  give  tlie  ray  path 
(ordinate)  as  a  function  of  the  virtual  height  (abscissa).  The  normal 
multiple  paths  reflected  from  the  F  region  arc  given  in  all  three  figures. 

In  Fig. 22  the  relation  valid  for  the ’nixed 'way  with  one  m^rc  hop  reflected 
from  the  E  region  is  additionally  given,  ,  in  F ig,23  the  corresponding  path 
with  two  hops  reflected  from  E  and  in  Fig.  24  the  combination  with  the 
li  path. 

Fig, 25-  27  give  the  cerr espending  diagram  for  the  elevation  angle 
(measured  between  the  ray  and  the  horizon)  and  the  virtual  heigiit  (abscissa). 
The  difference  between  the  different  p.»t!i  s  which  where  pretty  clear  for  short 
distances  are  less  and  less  clear  for  large  distances  if  one  takes  account 
of  combined  reflection  path.  This  is  the  riost  outstanding  difficulty  at  the 
identification  of  paths  at  largo  distance  transmissions. 

b)  Identification  diagrams  for  large ■ distances 

It  is  useful  for  large  distance  records  to  have  well  adapted  dingioans 
as  a  help  for  identification.  A  set  of  such  diagrams  is  given  in  Ei!'s.28 
and  29.  Those  have  been  calculated  recently  for  the  distarice  dreisneh  - 
Plum  Isla.Jid  (Maa.s.)  (5046  kn). 
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The  dia^rans  give  the  difference  with  respect  to  a  certain  way  for  the 
isain  path  of  nultiple  hop  F-regicn  transmission.  As  in  ^ur  experionco  the 
elevation  angle  cf  the  rays  is  net  measured  we  have  only  given  the  difference 
in  ray  path.  Beth  figures  are  valid  for  nultiple  hop  p:'ths  reflected  from 
the  F  region.  The  difference  refers  to  2F  in  X’ig.28  but  to  3F  in  pig. 29. 

(if  cannot  be  observed  on  this  distance). 

The  procedure  for  the  interpretation  of  a  record  is  in  principle 
the  following:  One  first  locks  at  a  serie  of  several  days  of  records  noting 
those  periods  where  several  well  distinct  echoes  are  present  and  where  the 
icncspheric  cindltions  were  henogenecus  on  the  circuit.  For  these  cases 
v;ith  diagrans  ii!ce-Fig.28  and  29  one  tries  to  find  a  reasenable  identification 
so  tha.t  the  sequence  is  well  explained  with  an  average  virtual  height  value. 
By  trial  and  error  one  can  see  what  is  the  identification  of  the  main  echo 
trace  which  is  then  persecuted  into  those  periods  were  nly  one  trace  is 
present,  Caro  i.mst  be  taken  on  Pederson  rays  which  are  very  variable  but 
which  can  be  identified  with  sone  experience. 

This  procedure  will  later'  bo  explained  in  detail  by  uecic  examples, 

c)  Low  angle  paths 

If  sporadic  E  layers  occur  at  an  appro;, '.riat,;  cl'-ce  of  the  orbit 
some  mixed  paths  can  occur  which  have  r- tlior  low  elevation  c.ngKs,  The 
appearcnce  of  such  traces  can  become  very  confusing  if  one  does  nn(, 
realize  that  they  are  mixed  and  not  main  ,.aths.  The  dirgranis  for  some 
mixed  path.sare  given  in  Fig.  33.  Fig.33«  gives  il(!la3'  di  i",  erences  with 
rof-r.oct  to  the  main  path  2*F  whilst  Fig.33h  gives  the  di  1 1  eriuu' en  v/i  th 
respect  to  the  inniii  path  3*F. 

In  1  ig.33a  we  hove  ciirvos  foi’  the  mixed  paths  (F+E)  and  Id, 

(F+E)  as  well  as  ivi  give  Ireces  whicli  .’.re  helnw  2’F,  (die  difference  for 
(F’+E)  can  become  ns  large  as  20C  km.  But  that  between  ivi  and  2*F  is  so  small 
ti'.at  it  is  often  difficult  to  distinguish  both.  So  it  is  ersiej'  to  dis¬ 
tinguish  (F+E)  i  rom  2*F  than  M,  In  our  Fig.  33a  '/e  have  also  iiidicr  ted  the 
v'levation  angle  co>rea*)ond ing  to  our  siiiiplif ied  geouietricrl  construction; 
both  p,'ths(F+E)  as  well  as  i'i  are  obtained  w'ith  small  e1.;v-'tion  angles. 

In  pig.'i'ib  we  give  indications  correspond i n,g  to  (2F+E)  and  to 
(.?F+fE)  compared  with  3F.  "ere  also  the  mixed  pr.th  trace  lie-s  lu  low  the  main 
I'.plh  3'F  but,  of  course,  .above  the  trree  of  the  first  is'.in  p'th  2’F,  There¬ 
fore  it  is  1  osier  to  identify  these  mixed  p^fha;  it  is  nnlj'  sometiMes  diffi¬ 
cult  to  decide  whether  a  trace  is  one  of  the  oilier.  In  Section  T  2  w  «•  give  . 
an  ixample  "lure  tiles,-  p=tha  ht  vt  been  found. 


d)  Pedersen  rays 


Whilst  Pedersen  rays  p.ro  a  typical  fortune  for  ionospheric  obliquo 
incidence  transmission  they  have  for  a  long  time  been  conuidorod  as  useless 
at  all  for  radio  transmission,  A  long  time  ago  one  of  us  has  made  a  theore- 

9) 

tical  calculrtion  based  on  refraction  in  a  thick  layer  from  this  calcu¬ 

lations  it  could  be  seen  that  with  one  hop  transmission  of  the  fiileraon  ray 
very  large  distances  can  be  obtained  under  suitable  conditions,  'Vo  showed 
that  this  propagation  mode  could  occassionally  be  useful  up  to  &OCO  km, 

A  later  calculation  showed  that  the  f ieldstrength  conditions  for  Peder¬ 

sen  rays  were  not  as  bad  as  had  been  supposed  earlier.  Prom  the  viewpoint 
of  geometrical  optics  the  energy  of  Pedersen  rays  cones  from  a  small  angular 
range  but  is  spread  over  a  rather  large  range.  The  point  is  now  that  on  the 
other  side  the  Pedersen  ray  crosses  the  lower  absorbing  layers  at  a  steeper 
angle  than  does  the  noriaal  ray,  therefore  it  suffers  loss  from  nbsori'.tion. 

It  is  known  tiu’t  in  irccent  experiments  with  transatlantic  sweep  frequency 
IP ) 

records  ’  thri  one  hop  Pedor. en  ray  has  been  observed,  in  particular 
during  certain  night  hours.  In  these  rases  the  corresponding  trace  appeared 
only  nt  .frequencies  in  the  neighbourhood  and  above  the  nose-f rcquency  of  the 
UF  path.  Therefore  with  our  fixed  frequency  transmission  we  could  expect  to 
have  the  one  hop  Pederson  ray  only  when  the  ionization  has  bocoine  so  small 
that  the  two  hop  path  is  no  more  possible.  With  our  technique  it  is  difficult 
in  those  cases  to  distinguish  between  a  one  hop  Potluroon  ray  and  an  M  or 
patli. 

It  is  evident  front  ray  /;eoinetry  that  the  one  hop  Foderseii  ray  will  only 
appear  when  the  center  of  the  F  region  lies  rather  high.  This  is  another 
1 1  ifii  fat  loti .  As  a  general  rultt  one  should  say  that  traces  which  do  not  show 
nose  foriuitioii  and  go  up  with  increasing  ionization  arc  susitif-ious  to  ho 
riderocn  rays,  Mnsi.  of  the  time  the  frequencies  we  used  v.’ere  lower  than  those 
■.v.'re  this  apecinl  ray  could  be  expected, 

V'y  obuervo  Pedersen  rays  and  the  nose  occur  rather  regularly  with  the 
main  path  2F,  JF  and  4F.  When  the  ioniz'tion  density  is  rather  constant  it 
occ-.irc  that  Pe:  arson  rays  are  present  for  hours  so  that  their  contribution  to 
railln  t  raiism  i  s  s  i  on  cannot  be  completely  neglected,  of  course  we  liavt;  normally 
also  the  corresponding  main  path  in  all  these  cases  >',nd  the  intensity  of  the 
later  is  iKrnrJy  a.lwaj's  more  important  than  that  of  tin?  Pe;’(^rHt:n  ray.  Nevorthe- 
li’s.s  in  the  vicinity  of  the  nose  the  Pedersen  ray  ca.n  he  rather  strong. 
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It  is  very  important  to  identify  the  ledarsen  raya  so  that  they 
are  not  confused  with  niain  pathiij  Normally  it  should  be  ponsible  to  find  the 
corresponding  nose.  Pedersen  rays  do  not  fit  into  the  general  scheme  of  delay 
differences.  As  the  delay  time  of  a  Pedersen  ray  depends  in  a  critical  way 
on  the  refraction  in  the  layer  for  a  given  I'ederson  ray  v/e  have  large  range 
of  possible  delay  times.  Practically  a  Pedersen  ray  can  h^ve  any  difference 
against  the  corresponding  main  path.  It  is  therefore  dangerous  to  confound 
Pedersen  rays  with  normal  rays  and  introduce  them  into  the  reti.,r-]  ideadi— 
ficatinn  scheme  give  above. 

As  a  consequence  of  the  critical  refraction  conditions  the  traces 
of  Podoraon  rays  have  a  tuai'ked  tendency  to  be  diffuse.  This  is  another 
criterion. 
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C.  DETAILED  INSTRUCTIONS  FOR  IDENTIFICATION  OF  TRACES  ON  DELAY  TIkE  llBCt.aPS. 

1 .  General 

For  the  following  instructions  we  suppose  that  the  cnly  information 
available  is  given  by  an  unilateral  delay  time  record.  If  -.  ther  reliable 
information  on  the  effective  reflection  height  is  available  this  could  be 
used  for  checking,  for  example  when  ionogrnms  of  a  station  in  a  suitable 
position  are  at  hand. 

a)  Principle  and  difficulties 

The  principle  of  the  method  is  to  make  first  a  provisional  identification 
which  is  then  checked  andj  eventually,  co  rected. 

The  first  guess  is  based  on  general  reetionings  and  a  general  survey 

of  the  records  of  several  days.  The  idea  is  thal^^uring  certain  periods  one 

ahculd  bo  able  tc  obaerve  that  T  region  multi- hop- path  which  has  the 
lowest  reflection  number  possible.  It  is  preferable  to  begin  with  nighttime 
records  as  in  daytime  mixed  paths  travelling  partially  over  the  E  region 
(jccur  rather  often;  at  night  such  paths  can  exist  but  they  are  rare*  So  when 
we  concuntrate  on  nighttime  records  we  have  better  chances  to  avoid  mixed 
pathnivhich  at  any  case  complicate  the  identification  of  traces. 

Of  course  the  choice  of  a  suitable  period  of  the  day  depends  in 
some  way  on  the  frequency.  If  the  frequency  is  rather  high  ho  that  communi¬ 
cation  only  exists  eventually  occassional  1 y  during  the  day  then  it  is  rare 

that  the  regular  sequence  of  multiple  F  region  echoes  can  be  found  and  it  is 
difficult  to  apply  the  following  rules.  In  such  a  case  it  may  be  interesting 
to  woi'k  for  n  short  test  peri. id  on  a  lower  frequency  where  the  multiple  paths 
occur  and  can  be  identified,  If  this  has  been  done  for  ”  few  days  it  is 
normally  easy  to  find  the  correct  iuentif ication  for  tile  main  path  observed 
on  ilio  high  frequency. 

If  vin  the  other  side  the  working  frequency  is  rather  low  c(<mmunication 
via  the  iS  region  becomes  so  imp:>rtant  that  in  day  time  <  niy  ttio'  higher 
multij'/les  from  the  F  region  can  be  observed,  the  leaver  multiples  being 
blanketed  by  E,  iiixcd  paths  of  difA‘'erent  forms  can  then  i  ccur,  they  can  make 
a  very  complic'-ted  echo  pattern,  even  at  night.  In  these  cases  it  is  prefe¬ 
rable  t.  look  first  fv  r  night  time  perii  d  where  the  echo  pattern  Iv’oks  very 
rej^ulnr  v/ith  increasing  delay  time  differences  between  successive  traces 
(.-.PC  1  c).  Jn  the  past  we  have  used  these  reasonings  f  r  tht:  interpretation 

f  rec  I’ds  ••  f  Li.IAN  pulse  transmissions  on  l.Ph  i.iHz. 
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b)  Normal  method 

If  the  frequency  in  not  extreme  but  in  the  middle  of  the  p-nsiblo  range 
of  communi oRti on  frequencies  the  fioJlowing  procedure  can  be  applied: 
going  through  many  night  time  records  ;)no  looks  for  erses  ■'■/hero  the  pulse 
couiEunication  stepped  completely  with  a  clear  nose  trace.  Thooo  are  cases 
like  Fig.l  0340  UT  or  Fig.  3  0130  ITT, 

Next  wc  must  see  what  is  the  lov/aat  reflection  number  for  a  multiple 
hop  path  reflected  by  the  F  region  at  the  given  distance.  In  ^.rder  tt;  have 
a  provisional  statement  wc  take  3')00  end  4000  km  as  the  limiting  values  for 
the  maximum  of  one  hop  .propagation  via  the  F  region;  the  higher  tin;  F2  layer 
lias  the'  larger  is  this  distance.  Therefore  we  may  have  r.  larger  one  nop 
maximum. diutance  in  cquatcrial  regions  than  at  temperate  latitudes. 

In  the  case  of  '.'ur  disvance  of  3846  km  it  is  quite  clear  that  normally 
the  2F  path .  .shoul d  he  the  main  cemmuni cati on  way.  So  wo  first  sup-pose  that 
the  lr..si  counr.unicatic.n  ])rth  i  fi  2F,  Now  uc  go  from  that  nose  point  along  the 
r;ic.'rd(ul  trace  in  the  direclion  of  increasing  ionization.  After  some  time 
their  may  a  p-oa.r  nnetiKor  trace  with  a  larger  da]ny  time;  if  this  trace  also 
has  a  clear  n</S('  v/e  c-an  suopone  that  it  is  the  next  multihop  F  way.  This 
occurs  for  example  iu  Fig.l  I’.t  0150  UT,  At  s.uiie  distance  lr<jm  this  second 
ncse  p.oinl^corre!!,'  tiding  redersen  trace  will  normally  be  nl.tprly  separated 
from  the  trace;  now  we  can  deteriiiine  the  dil'ferencc  in  delay  time  between 
both  tntiin  ways,  With  diagram  like  Fig, 20  this  dit'lerenei'  can  be  ust'd  to 
detenrini'  an  "cifecf.ive  riM' 1  ect  i  on  iieight",  i  1'  the  value  of  reflection  height 
MO  i.btainod  is  rea.sona.bl  e  i.i?.  if  it  lies  h..‘t’.vcen  l’2(i  end  400  kin  we  have  a 
first  c  I  n  f  i  rmr.  t  i  on  .>f  <  ur  provi  .s  i  .mal  i  d  enti  f  i  (oot  i  :,n .  .'/e  continue  now  to  go 
towf.rd.s  higher  ienizatieii  looking  f  (  r  a  p.  inf  vthere  r.n:t!;er  muJIiple  echo 
ap-pears.  On  the  way  (at  least  three  time.a  an  he  iir)  ive  note  the  d  i  j' f  el’eiie  (> 
bctivoen  the  tvn  main  eeti  .e.s  a.nd  determine  the  c-.  .ce.y;,  oding  Ci  f  1  (?c  t  i  loi 
heiglit  ,  If  intermediate  paths  aj):  ear  in  the  pattern  it  i.s  preier".hle  to  make 
the  ue  terminnt  i .  n  .'f  the  effective  reflection  height  so  "ten  that  the  mtein 
pv.th  c.'nn  t  he  1.  .st  during  the  [jeri-d  where  mixed  p^ths  ■,  ccur, 

it  n.w  finally  v  e-  find  a  third  main  path  wt?  can  umc  the  three  traces 
pr.'oent  in  .  rder  t  check  .  ur  i  den  t  i  f  i  c  t  i  t-n .  In  the  caju.  ,f  ur  distance 
I'  r  ex.'-.itip  I  e  v.',  identify  the  fir.st  three  irifin  trace!)  with  2F,  3F  nud  4F;  from 
tilt'  di  .eri-nre  31’  -2F  n  -iie  .-tide  ;‘nd  4F  — 2F  on  the  .  tlii'r  wt,  .I'  ve  two  po!)  — 
i  I)  i  M  (  1  >■  .■)  1  il t  .  ri.i  i  I))' ■  n  .ffectivi-  fiM'licti  n  height  with  tlie  delay  time 
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difference  diagram  (Fig«28).  If  these  values  are  plnoat  e.iun.l  or  the  height 
found  with  the  higher  multiple  i.s  slightly  larger  than  that  i\,und  with  the 
lower  multiple,  in  that  case  we  can  sU|;p3se  that  our  identification  was 
correct.  If  a  large  difference  between  both  vnluoa  is  found  or  if  that 
obtained  v/ith  the  higher  multiples  is  clearly  inferior  to  that  of  the  lower 
multiples  in  that  case  we  should  admit  that  cur  identification  was  wrong 
and  we  should  try  to  ccireet  It.-'fhia  is  normally  done  by  going  over  to  the 
appropriate  neighbouring  identif icaticn, 

c)  ‘Vic-thod  for  well  experienced  workers. 

There  exists  another  way  to  CLine  tii  an  identification  which  is  faster  for 
workers  v/hich  enough  experience  in  the  field;  it  is  net  recommended  to  those 
who  begin  v;ith  this  technique.  In  the  delay  time  difference  diagram  one  first 
leeks  for  an  average  rnflectii^u  height;  a.t  aicdium  Ip.titudos  this  is  nerraally 
between  250  and  350  Itm.  One  notes  Ihe  c.  >  i  r  eSj.'Midi  ng  delay  time  difference 
between  the  main  multi  hop  patlift  reflected  al  the  F  region.  The  ci.rresponding 
soliedule  is  plotted  in  the  lieight  sce.le  th(.‘  rec.rds  sc  l!i",t  it.  can  be 

compared  with  the  pattern  ol'  traces.  One  loe.lcs  new  f.  r  cases  where  several 
traces  are  visible  which  hav('  approximaioly  llie  delay  time  differencos  given 
on  tlio  pl(;t.  For  skilled  workers  it  is  ni.ntly  easy  l.e  .  dl  s )  ingui  sh  th...”e  traces 
which  do  not  fit  into  this  j);ittern  and  whicli  nmsi  be  identified  witti  mixed 
paths, 

d)  Di 1 f i eul ties  uTi th  blanketing 

It  must  l)<’  noted  that  the  si.-calleei  nia.in  p.".1.h  must  net  a.lway.s  I)e  ])ri>fient  and 
communication  can  exist  on  higlier  mult.iplos  without  tlii;  lowest  jjessible 
multiple  ari’iving.  This  is  in  particular  the  ease  when  blnnkuiing  is  important 
under  these  c.iiditi  :,>iis  mixed  paths  ".hioli  are  rather  near  to.  the  main  path  can 
also  ..ccur  this  is  >  ften  very  e i-ii f<ising .  F'  ;  example  instead  c-f  the  ilF  t.rnce 
a.  tre.ee  E+F  can  ■ccur  which  lie,.;  bej  w  tin;  ma.in  (SF)  pet.!!;  '  Iso  an  M  trace 
may  replace  2F,  -or  the  mixed  path  E+2F  cm  d<.  the  same  thing.  An  example 
of  in  to  rcha.nge  f  2F  and  E+2r  is  given  in  Kig.3’;  Ihi're  bef;ro  00  h  UT  the 
first  path  was  E+2F,  -nly  after  00  h  2F  a.  per.ri'd  a:!  a  weak  trace.  The  trace 
shi.wn  on  the  loft  .side  of  I’ig.30  between  2F  +  E  and  3F  is  hF  +  2E.  The 
c  vnt  i  nil  ..us  trace  ahi  ve  these  traces  is  31',  even  hE  i  .a  visible  v/ith  .i  nose 
v.n  the  1/ft  side  f  (he  ren  rd  (the  dii  Tiise  high  trace  .n  flie  right  side  is 
the  i’edersen  ray  c  ming  d  wn  and  ,j  ining  r.f te rw-ards  the  ";I''  trace.  This  diagram 
has  been  (alien  fr  m  the  rec  rd  rear  .ducid  in  I'i/',  I, 
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At  l;'rp:c  distnncea  it  is  n_'t  nocoagnrily  sc  (as  it  is  usually  at 
medium  and  small  diatnncos)  that  blankotinf;  the  lew  ana:lc  F  region  paths 
gees  Y.'ith  the  opening  of  some  reple.eewent  path  in  the  form  of  a  mixed  path 
(like  in  pig, 30),  dlanketing  can  interrupt  a  lov/  angle  path  without  n  roplace- 
niont  path  apoenriag.  An  example  can  be  seen  in  Fig. 2  bot''''een  1730  and  19  h, 
a  large  scale  ro)>r. Auction  is  given  in  Fig. 31.  The  2F  poth  is  blanketed 
until  1030  it  is  then  slv wly  increasing  in  intensity  but  the  higher  orders 
3F,  4F  and  even  5F  are  always  present.  The  ‘  di  sappear ing  r.f  the  low  anglo!  path 
together  with  the  existence  cf  high  angle  multiples  shews  that  bl a.nkotiiig 
was  the  important  influence. 

Another  influonco  which  can  cause  Cv'nfusiou  is  that  of  the  combined 
diagram  cf  tlie  tra.nsuiitting  and  receiving  antenn,aos.  Jirocl  ivo  aiitonnaes 
as  normally  used  for  large  distance  experiroento  have  clcfir  minima  for  certain 
angles  of  elevatii.n  and  this  can  cause  an  inipLirtant  decrease  in  iTitensity 
of  a  path  which  for  propagation  reasons  alone  should  .be  strong.  On  a  g'\-c'ii 
c  .um.iiunioati  on  '  no  can  find  these  angle!?  with  S' me  cx’.orionce ,  the  amplitude 
of  the  n.,  rr.i.Mp.  nding  path  must  hi-  given  m>,re  v/eight, 

2 .  Detailed  ui.soussioii  of  exaninies 

pi\,cei!d  now  to  <>.  doiailtid  d i .y cuu.'ii on  of  the  iU'.mples  reec  rd.s 
given  in  f  igs,  .1,  2  and  3. 

I,  a  'lightl  iis-.,'  reCv.rd  ,  bt;- issed  iii  August,  an  (;.'!ny- 

.eoa.s.'iin  t  apply  ,.ur  ii'.rmul  i an  ti  f  i  ca  t  i  on  meihod.  The  eonimuJi  1  c  a  t  i  on  closes 

at  O'j/tO  li  and  the  trace  (ending  there  i  !i  i  ?-iitil'ied  with  2F,  The  ?\';’i'iuion  ray 

is  j>ri  sent  f t  !■  a.  rather  long  tilin’,  (it  can  hi-  ,s.;cii  tha.t  this  ray  in  very 

varja.ble  in  vlelay  t  ime ,  theref.  i-?-  1\  derseii  rny.s  i?li  aid  n  1  be  u.sed  fi  i-  delay 
time  ca.  I  cu  1  a  t  i  MIS ,  )  Tlie  3F  pa.th  Is  .'leen  t.  have  its  n.  so  at  "b.  ut  014  0  li  j 

thill  is  a.  very  long  n.,se  lasl.ing  from  OlOt;  to.  (M4(;  h,  llefire  I  h  tl;e 

I’edersen  ray  is  seper''ted  f r.  m  the  n..riiml  3'F  trace,  Tlie  2’F  lio'ce  cKo  rly 

ap.per.ri!  nly  at  'i(;30,  it  is  very  weak  bef  r('.  Thin  1  ,s  ;.r:!)''lj)y  due  to  blanke¬ 

ting,  We'  I  bservi’  t'.vo  mixeii  paths  2F+E  .oiid  2F+2E  wliich  ’’re  iniiieaf.ed  in  Fig, 30 
and  have  h,'en  di  scun.sid  undiT  C  1  ?1,  Thi'  2'F  path  in  n  t  p, resent  i  ii  the  loft 

nicle  of  t  hi'  rec  rds  ;  -t  this  .side  the  mixed  pith  IF+E  i::  the  first  .  m 

Till’  3'F  path  in  a.hvay.s  preneiit  until  0J40  h,  v  \a  n  4.F  ran  be  seen  f  n.iii 

2000  thr  uali  2310;  the  4F-iisi'  i  .s  n  t  very  c  I  .  "  r  but  visible,  it  h.igins  t 

2'i(U'  h,  3  in  this  c’.se  e  cann  t.  find  a  time  v.hor.  the  first  thiee  I’lultihop 

path;'..  21',  "iE  ■nil  'lE  rn-  .-i  i  niii !  t  ■■■ne  ui.s  1  y  present..  cl  e  t  erm  i  n  e  I'li  effec  live 

lU'i '111  . (  '  ],e  i-  ill.  St  lime  when  21'  is  h.  ,  reeble,  i.i  ,  -  I  i,030.  I  .  r  this 

'!  .10  km  ■  -e  t  h.  (1.  lay  il  i  ,  ,'k  r.  iie,.  b,  Iwi  eii  2F  •'■nd  3E. 


Ill  UK' lit  I  , 
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From  T'ig,28  wo  thou  find  the  effective  height  p.s  35Li  hin  {Thio  is  rather 
high,  hut  we  have  suinmer  night  c  ondi  ti -ns ) ,  The  next  instant  to  ninko  n 
dotormJ  n"t  ion  with  3F  and  'iF  is  23  h;  for  this  time  wo  find  the  delay 
dif f cre'ico.  as  330  km,  with  Fig. 29  this  errresponds  to  an  offoctivo  height 
of  393  kin.  But  here  we  are  yet  too  near  to  the  critical  conditions.  Going 
hack  to  21  Ii  wc  obtain  a  Jolay  difference  of  270  kra  and  an  effective  height 
of  350  kri.  This  ''.grees  reasonably  with  our  first  result. 

Fig, 2  is  a  daytime  and  ovonlng  record  obtained  in  Octuber,  The 
decreaad  hf  eluctren  density  for  a  winter  evening  is  rather  quick  and  so  is 
the  dl aapp^aroMC e  .f  the  different  laultiplca.  The  communication  eli'scs 
at  2110,  Fllrwing  the  mraal  method  (C  1  b)  wo  may  prcvioionally  identify  the 
c.^rresp  nding  path  \v'ith  2F. 

Going  back  in  time  iiaciedie.toly  we  find  another  trace  which  is  far 
hulow'  our  oacd  main  trace.  This  trace  j8.oleK,rly  visible,  bi  tween  10,50  h 

and  20.50  h,  ilnothcr  higher  trace  appears  ivliich  is  present  u.ost  of  the  time 
of  tile  record  until  2030  where  it  disappears  in  a  dilTuse  form.  According  to 
our  su, poficd  identification  this  higher  trace  should  be  3F,  The  following 
l.raccsat  greater  height  should  than  bo  'jF  and  5F  runpectiycly.  On  the  oilier 
oil,-  oust  explain  the  lower  trace,  the  only  posuihi  1  i  ti(?it  we  liave  are  M 
or  (li-Il).  As  the  diffi-rence  against  our  supposed  .'’F  -fracu  is  rather  largo 
■ecordinK  i  o  J'’ig.33a  tht?  liypo  thesi  o  must  be  (F+F), 

The  delays  liave  be'on  neftsurod  for  three  ouitahlo  hours  at  |. lares  of 
I'.e  luco.'d  I'o  the  intensity  of  the  different  traces  was  well  comparable, 
jU  J  (I  i  !' C.e ru.uc es  r-rv  with  resp'oet  to  the  main  pi’th.y  su;  posetl  to  hi-  2F,  see 
Tb’e  I,  '  (1 1  ui.in  1,  From  the  d  i  f  ferene'es  with  Fig. 20  v/e  have  determined  the 
el'fective  lieigjlt  values  given  ill  the  same  t.able,  cnluiniiB  2.  For  the  supposed 
(F  +  L’)  (r'cv’  Figs, 33a  (with  h'E  =  111)  km)  and  20  have  been  used, 

l.oolting  a1  t'-.ble  1  we  can  se,’  that  t.!,-re  is  no  direct,  i  nimms  i  s  tuncy : 

+  i.e  incriase  , generally  with  increr.ninf'  miiibiir  of  hops  as  it  should  ))(■, 

In  one  oaue  this  does  not  hold  hut  the  dirforeiice  is  of  the  ordej*  of  file 
■■.‘'diiig  accuracy.  An  arguitenf  agpinyt  this  id,  ntif  ic:.',l  i  on  i  ;■  the  .“mail 

■  ',.v,tioii  angli  necessary  for  the  lowest  trace  if  it  is  .(F+F),  Froi’i  F’ig,33n 
v.e  obtain  tV’  at  15li5  and  1 "  at  1010,  Such  low  eu-id  >.,,c  highly  i  mp  :-o)i;'.l;  I  (> . 
l'in'’lly  the  ahsolute  height  values  '•re  r-ther  yia.^t  vju!  ".n  x|', r  i ;  s  n”  'oh  s  i;  rve  r 
■A  inr.  i'lei'  to  look  whether  the  ti’pr,,s  cannot  he  >.Xil'Mne:l  in  '‘.not, hi  r  v 
•  i  \  i  Ilea  h,  i  ,-h  t  s  , 
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So  wo  must  now  try  another  identification  looking  r,t  the  prede- 
cesQor  path  existing  between  1840  and  2100  h.  The  most  erobnblo  solution  is 
that  the  predecessor  path  corresponds  to  2'F  whilst  the  bain  path  which  we 
have  supposed  until  now  to  be  2"F  must  be  3'F.  Now  wo  have  to  repeat  our 
identifications  at  the  different  instants  which  we  had  enosen  for  our  first 
chocking  system.  Of  course  we  obtain  the  sane  delay  differences  but  different 
heights;  both  are  given  in  the  table  2,  We  can  seo  toftt  this  identification 
is  self  consistent.  'f!e  now  obtain  height  values  which  are  considerably  lower, 
of  the  order  of  250  km.  These  values  are  more  probable  than  the  value  far 
above  300  km  which  we  had  obtained  with  our  first  identif Ication.  "liii  the 
sequence  of  heights  obtained  with  the  different  traces  increases  with  increa¬ 
sing  number  of  hops  in  a  more  homogeneous  manner.  Seen  as  an  whole  table  2 
looks  more  homogeneous.  Also  the  difficulty  with  the  elevation  angle  of  the 
first  trace  oxists  no  more  now  as  it  is  identified  with  2F  instead  of  (F+E); 
this  gives  now  a  quite  reasonable  angle  of  elevation:  2°  at  1545  and  3°  at 
1810,  So  w(i  can  state  that  our  .second  identification  should  ho  right. 

Now  wo  can  complete  our  sy.sten  by  looking  a  those  places  where 
eventually  nixed  paths  occur.  There  is  a  faint  predeceijsor  pai.h  which  i.s  iden¬ 
tified  with  (2P  +  E), 

It  is  important  to  note  that  the  inepouremcnt  of  the  delay  differences 
should  be  made  as  accurately  ns  pofisiblu.  It  is  indicated  for  that  purpose 
to  have  a  rather  largo  scale  projection  so  that  the  reading  /\ccur'\cy  i  .a  hotter 
than  the  uncertainty  given  by  the  slinpe  of  the  trace  itself.  Norm:'.  1  J  y  one  uses 
a  fixed  projection  onlargerent  so  that  lioight  scales  can  be  j  r(  pr.reil  onco  for 
ever.  These  scales  arc  obtained  by  grnphical  inter.'iclntion  of  the  iioight  sonic 
which  is  photographed  on  the  film  ;  it  is  nece-ysary  tor  these  height  .scales 
to  bo  sufficiently  subdivided  so  that  the  reading  tiecuracy  is  f.t  lea.st  10  km. 
There  is  unotJier  difficulty  which  is  due  to  the  variable  v/idth  of  the  tracos 
in  particular  when  the  traces  becorio  faint.  In  thi.s  ca.so  v/e  record  only  the 
top  ititenaity  of  the  coJ’reaponding  pulse  .so  timt  judging  from  the  darkening 
of  the  piiptoj-rai)hic  film  the  trace  appears  to  be  snnllor  than  i.s  one  of  normal 
intensity.  Therefore  one  .should  avoid  if  any  possible  to  nonsure  delay  diffe¬ 
rences  betwovui  a  strong  and  a  fa.int  trace.  It  is  preferable  to  look  for 
mouenty  where  the  iniensity  is  nearly  equal  a.s  it  has  e.  en  done  in  the 
oxa.i))!  es .  If  no  •’.deijuatp  ;)"rt  of  the  trnceu  can  be  found  it  is  neces.s/iry  to 
correct  loe  tlie  effeci;  Ion,'  tine  exptrience  will  be  very  helpful  for  this 
pu  r .  n  3  e  , 


Whon  rocoivors  with  a  differentiating  audio  fro.^uoncy  stage  arc 
used  (which  if.  normally  not  done  in  our  apparatus)  we  have  another  effect 
which  must  not  be  overlooked.  This  is  the  effect  of  interference  with  other 
radio  station  which  normally  wake  a  black  vertical  line  on  the  original  film, 
corresponding  on  our  reproductions  to  a  light  vertical  line,  h'hen  a  diffoz’en- 
tiftting  circuit  is  used  interference  of  this  sort  increases  the  apparatus 
delay  tine  so  that  the  trace  is  shifted  in  the  direction  of  retardation.  This 
can  introduce  an  error  of  niore  than  10  lea.  If  the  interfering  station  gives 
telegraphy  in  .Morse  the  shifting  effect  is  obtained  more  or  less  periodically 
so  that  the  lower  edge  of  the  ti'ace  looses  its  olcBrncGS. 

V/o  consider  now  Fig.T.  Here  the  identification  is  r.ather  easy 
because  wo  have  a  very  clear  nose  end  of  the  last  trace  at  flpH  h.  The 
corresponding  trace  is  identified  with  21'',  we  ace  thft  the  corresponding 
Pou’yrscn  ray  is  visible  for  more  than  one  hour  between  5v3‘’zO  and  0130  h. 

In  this  particular  case  the  interval  between  the  naiu  trace,  ;.)id  the  i’eil.rsen 
ray  is  .nearly  filled  with  diffuse  luninouity  showing  thc.t  the  ionoapliero  was 
not  .s:'ii/oth  ennu/rh  to  give  only  one  clear  Po 'prson  ray  on  free^uencies  below 
the  MUF.  Aa  the  tri.ces  are  repented  twice  in  our  records  vfe  .see  that  the 
lov/or  trace  visible  betwwni  i!)^i0  and  2250  h  corrospondy  to  the  2l!’  patli  (becaua.. 
it  is  centinuoui)  with  the  trace- which  appears  at  the  lov/or  mid  urpe)’  edge  of 
tile  ri  le  at  Of)  h).  Therefore  t.he.  other  trace  np  eitring  froiri  the  heginning  of  the 
records  until  2210  li  must  b<;  3F.  This  trace  also  ha.s  a  deal’  pose  frequency, 

A  third  trace  is  visible  from  t!ie  Hcgimli  ng  .o  P  the  r-ecoi'd  until  1930  l>  J  it  can 
be  su  'coed  to  be  hF ,  IVe  must  now  check  our  i  (' en  ti  t  ienti  on  by  i.ieasurin/'  . 
dol/-,y  tines,  the  ri.siilts  are  given  in  the  table  3.  It  enn  )ie  seen  that,  our 
identification  is  justified;  the  effective  reflection  huigh't  v/e  (ibtaiii  is 
again  between  290  and  300  km. 

There  is  yet  oini  trace  on  the  recoi’US  which  is  difficult  to  explain. 

Thin  is  the  isolated  trace  which  appears  strongly  from  02b()  until  0310.  If  this 
trnce  were  2'F  we  should  havt-  "  nose  a.t  the  opv’iuii;  of  this  p'  th.  It  is  not 
pi’ob.able  to  !).■  a  Federsen  ray  of  1 'F.  .Is  the  trrrc  is  folloiied  by  ■  ditfuse 
follow.’j’  Hite  the  2F  trace  just  two  hours  before  we  ern  suppese  that,  i'  .eis  soiv,  ■ 
pnr.nty  wifi.  ;’F  but  i  si  r  mixed  path  involving  an  ns  ri,  f  1  ec  t  i  on .  So  it  could 
be  or  (F+S),  it  is  of  oours.'  not  pos.sible  to  check  thi.s  liy.i.t  hei  i  m  with  one 
fixed  rricuency  r. cojd  only. 
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Table  1  ;  Identifiention  No,  1  for  Fif^,2 
(column  1  delay  dif forenee/km  ,  column  2  corresponding  height/kin  ) 


hour/UT 

1 

+ 

2F 

2 

3F 

-1 

-  2F 

2 

4F 

1 

-  2f 

o 

5F 

1 

“  2F 

'  2 

-  81 

278 

142 

280 

356 

290 

675 

318 

1700 

-  86 

288 

156 

303  : 

402 

320 

74  9 

338 

1810 

-100 

310 

160 

308 

458 

34  5 

- 

- 

1915 

-111 

328 

184 

330 

- 

- 

- 

- 

2030 

-128 

350 

F 

F 

— 

- 

- 

— 

( r  o ] umn 

hour/UT 

Tab 

1  delay 

2F 

1 

1  0  2  ; 

difference 

-  3F 

2 

Identification 

/kia  ,  column  2 

4F  -  3F 

1  2 

No,  2  for  Fijcr, 

corresponding 

5F  -  3F 

1  2 

0 

height/kia  ) 

6F  - 

1 

3F 

■  2 

154  5 

-  81 

210 

142 

356 

248 

675 

273 

1700 

-  06 

220. 

156 

242 

402 

256 

749 

290 

1810 

^100 

238 

160 

•  250  , 

450 

205 

- 
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1915 

-1  11 

250 

184 

270  , 

- 

- 

- 

- 

2030 

-128 

273 

F 

F 

- 

- 

- 

T  able  .3  :  Identification  for  Fifu 
(column  1  delay  d  i  f  f  cronce/kKi,  column  2  cori’'jH;;on(lin,’  ;ieipbt/km  ) 


hour/ UT 

3i'’ 

1 

-  2F 

2 

4F 

1 

-  3F 

0 

reinnrks 

18  37 

- 

- 

294 

371 

1900 

- 

- 

373 

420 

1929 

- 

- 

393 

432 

No  oe 

1 04  3 

174 

320 

- 

- 

2115 

106 

340 

- 

- 

F  i  g  *1  r  «  a 


Fig.  1 
2 
3 

Fig.  4 
5 

Fig.  6 

7 

8 
9 


Samples  of  delay  tine  records 
Breioech  -  Plum  Island  (9846  kni). 

Samples  of  delay  time  records 
Breisach  —  Elevsia  (l709  kn). 

Sonplea  of  bnekscattor  delay  time  records  st  Breisnch. 
(Antenna  directions  :  279®  for  13  J.'lSz, 

249°  for  16  MHz). 


Fig. 

10 

Fig. 

11 

Fig. 

12 

Pig. 

13 

Fig. 

14 

Fig. 

15 

Fig. 

16 

I'^g. 

17 

Fig. 

18 

Fig. 

19 

Fig. 

20 

Fig. 

21 

Fig. 

22 

23 

24 


Pulse  records  with  transmission  and  reception  at 
both  ends  (Berlin  -  Kochel  960  ka). 

True  (thick)  and  virtual  (thin)  transmission  path  for 
one-hop  reflection  on  layer  F  (Pig,2a)  and  layer  E  (Fig, 2b), 

Relation  betv/ecn  virtual  transmission  path  o  and  viiitual 
height  for  d  =  960  km  in  the  crsc  of  flat  earth  and  ionosphere, 
one-hop  and  two-hop(brokcn  line)  transmission, 

1 

rulse  recording  on  a  96O  km  distfuicc  :  lower  trc.ce  1<F 
upper  irr.co  2*F  (loft  hand  ordinpte  scale  :  travel  time, 
right  hand  :  ooi responding  path  length). 

Path  (’ifferenoo  between  two-hop  and  one-hop  -trnnsmisHion  ns 
a  function  of  effective  virtual  height. 

Diflorent  trnnstniusion  path  I'or  short  distances. 

Probability  of  different  iriinsinisoion  peths  foi'  630  km 
dislaiice  (5.75  HHz)  upper  part  July  1939.  lower  part 
November  1939  ^  . 

Geometry  of  rays  refracted  in  t.ho  ionosphere. 

Record  with  ordinary  and  extraordinary  ray  nost's. 

Record  with  complicated  z  form  nose. 

Record  with  ''closed  loops"  prndneed  by  a  ti^mporary  increase 
of  electi'oii  density. 

Geometrical  Icnght  and  elevation  angle  of  ionospheric  paths 
(fundamental  diagram). 

Reduction  diacrata  =  ray  path  versus  effective  height  for 
Berlin  -  NewYork  (6400  km)  ®), 


Fig.  23 

26 

27 

Fig.  28 

29 

Fig.  30 

31 

32 


Elevation  angle  diagracas  corresponding  to  Figs.  22  ...  24 


8) 


Reduction  diagrams,  main  paths, 

Bi-eisach  -  PjiiM  Island  (5846  km). 

Compreased "nd  adjusted  trace  Jicrram  (part  of  Fig.]) 

(part  of  Fig, 2) 

(p".rt  of  Fig,  3) 

1)  Reduction  diaarcMs,  mixed  paths  ■oreiHacIi  -  Plui.i  Island  (3846  km) 
(Elevation  angles  are  indic.-ted  on  tin,  curves). 


Fig.  33a 


Fig.  17 
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